ABSTRACT: By employing the composite analysis and using daily data from the National Center for Environmental Prediction/National Center for Atmospheric Research reanalysis and precipitation records at 743 stations in China, the anomalous circulation patterns for the regional mean daily precipitation extreme (DPE) events over the middle and lower reaches of Yangtze River (MLRYR) in June, July and August of the boreal summer during the period from 1979 to 2008 were investigated. This analysis determined that there have been 93 DPE events in the past 30 yr. Two types of anomalous circulation patterns were revealed in association with these DPE events. A Type I circulation pattern demonstrates an anomalous cyclone over MLRYR and an anomalous anticyclone in the South China Sea (SCS) and tropical northwestern Pacific Ocean (NWP) in the lower troposphere. An anomalous anticyclone in the upper troposphere exists in the region south of the MLRYR. The water vapor is transported not only from the Bay of Bengal, the SCS and the NWP, but also from areas northwest of the MLRYR. The apparent heating anomalies are favorable for intensifying the anomalous vertical meridional circulations in East Asia. The pattern of sea surface temperature anomalies (SSTAs) in the Indo-Pacific sector looks similar to the SSTA pattern during the maturing and decaying phases of El Niño episodes. Of the 93 DPE events 16 were induced by a Type II circulation pattern. This pattern looks largely different from the Type I pattern in aspects of distributions of anomalous winds, divergence, water vapor sources, thermal forcings and SSTAs. These results will help us understand the occurrences of DPE events in the MLRYR.
INTRODUCTION
An increasing amount of attention has been given to weather and climate extremes occurring throughout the world. The occurrences of extreme events of weather and climate are believed to be influenced by climate variations on different time scales, which include intraseasonal oscillations, interannual variabilities, interdecadal changes and especially global warming. One of the aims of the Climate Variability and Predictability (CLIVAR) project is to clarify whether the frequency of climate extremes becomes higher in the context of global warming (www. clivar. org/ organization/ extremes/ extremes. php). Rakhecha & Soman (1994) investigated the 1 to 3 d maximal precipitation events in relation to the climate over India, indicating the distinctly increasing and decreasing trends in different zones of the coun-higher than normal by 100 to 600 mm compared with the mean pattern of rainfall over the same period. During this event, more than 100 million people were influenced by these severe floods in Anhui, Jiangsu, Hubei, Jiangxi, Hunan and Zhejiang provinces and in Shanghai city. The direct economic loss in these regions reached more than 7 × 10 10 Chinese yuan (US $1.1 × 10 10 ) (Ding 1993) . In the 1998 rainy season the MLRYR was hit by extremely severe floods. Rainfall in June through August in 1998 was measured at 700 to 900 mm in regions south of the Yangtze River and in southwestern Hubei, with more than 1000 mm of precipitation occurring in part of these regions. Eight flood crests on the Yangtze River severely affected counties along its banks and resulted in economic losses reaching as high as 2. 1979 1980 1981 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 Frequency of DPE events rainfall and floodwater volumes exceeded the equivalents of 1991 and many areas received precipitation in excess of the 1954 level (Bi et al. 2004 . These floods induced a large number of disasters in the MLRYR region, which stimulated scientists to investigate why and how regional precipitation extremes occur. The statistics of precipitation events from recent 20 yr show that the peak stage of precipitation extremes over the MLRYR takes place in June, increasing the probability of sudden floods (Su et al. 2006) . Qian & Liu (2005) suggested that significantly increasing trends of extreme rainfall events occurred mainly over the MLRYR. Since 1986, flood events that have occurred more frequently in this catchment area due mainly to the intensified rainfall, and in the southeastern and southwestern parts of the MLRYR the increased frequency of such extreme precipitation events is closely related to the change in the spatiotemporal patterns of these extremes (Xie et al. 2005 , Zhai & Zou 2005 . Some researchers showed that the distinctly increasing trends were found in the rainfall amount, the intensity and the number of days during the precipitation extremes in the MLRYR (e.g. Liu 1999 , Zhang et al. 2003 .
The precipitation extremes in the MLRYR in boreal summer are usually believed to be related to the activities of weather systems including Meiyu/Baiu fronts (a quasi-stationary, zonally-oriented, baroclinic zone in the lower troposphere that typically stretches from eastern China eastward into the Pacific Ocean and south of Japan (cf. Zhang et al. 2009 ) along with cyclones, the western Pacific subtropical high, the east Asian summer monsoon flow (e.g. Zhao et al. 2007 ), typhoons and the interactions of weather systems with the topography. However, the circulation changes on interannual and even longer time scales also need to be explored. Gong et al. (2000) and Li et al. (2002) examined the regional precipitation related to the atmospheric circulation changes, and showed that not only did the variations of Arctic oscillation and anomalies of sea surface temperature (SST) in the Indo-Pacific sector affect rainfall intensities in the MLRYR in summer, but also the Indian and East Asian monsoons strongly influenced the changes in precipitation over the MLRYR.
Though some interesting results are reported in both the statistical and diagnostic studies as mentioned above, for example, why and how the daily precipitation extremes take place in the MLRYR, especially on the regional spatial scale, have not been fully understood. Therefore, in the present paper we investigate the circulation patterns that facilitate the daily precipitation extremes (DPEs) in the MLRYR on a regional spatial scale.
DATA AND METHODOLOGY

Data
The data used in the present study include in situ daily precipitation (rain gauge) data from 743 observation stations in China, and the National Center for Environmental Prediction/National Center for Atmospheric Research (NCEP/NCAR) reanalysis (Kalnay et al. 1996 ) from 1979 to 2008. The station precipitation data have been subject to quality control procedures of the Climate Data Center (CDC) (cf. . This data set is released by CDC of the China Meteorological Administration (CMA) and is available at http://cdc.cma.gov.cn/shuju/. The NCEP/ NCAR data have a resolution of 2.5° × 2.5° in the horizontal scale and 17 levels in the vertical scale. In the following discussion the 'anomaly' of a physical quantity is defined as the departure of the variable from its 30 yr seasonal mean value for June, July and August combined.
The MLRYR covers a vast area to the north of the Nanling Mountains, south of Qinling Mountains and Huaihe River and east of the Wushan Mountains, i.e. 25 to 34°N, east of 110°E (Fig. 1a) . The 84 stations (black dots in Fig. 1b ) for precipitation are selected from Hunan, Hubei, Zhejiang, Jiangxi, Jiangsu and Anhui provinces as well as the Shanghai district of this region. The remaining stations in this region were deleted because some records were missing from the time series data for rainfall at these stations during our study period. The distribution of these 84 stations is relatively homogeneous and the stations are relatively close to each other compared with the patterns for other areas of the country. To avoid errors produced in interpolation, when re gional mean values were calculated, the arithmetic averaging scheme was used instead of the areal averaging method developed by Jones et al. (1986) .
Selection of DPE events
Urban flooding may be induced when DPE events occur at a single or several stations. However, DPE events usually appear in a large area where there are many stations. These kinds of DPE events are usually dominated by large-scale dynamic processes and lead to severe larger-scale flooding. The MLRYR in the southern part of China is the type of place where these kinds of DPE events often occur. Therefore, the DPE events in this study are defined for the whole MLRYR rather than for a single station. For this purpose, the time series of precipitation for selecting the DPE events is obtained by averaging precipitation amounts arithmetically over the 84 stations in the region of the MLRYR.
The (Ding 1993) . As shown in Table 1 , the regional mean DPE oc curred at a frequency of 64.5% in June, much higher than in July and August, which is apparently associated with the Meiyu/Baiu rainfall over the MLRYR from late June to early July.
Rainfall, averaged over the 93 daily precipitation extremes for the 84 stations, is plotted in Fig. 1b . In comparison with the 30 yr mean pattern of summertime daily rainfall (Fig. 1a) , the daily rainfall amounts are much higher during the DPE events (Fig. 1b) . Rainfall amounts greater than 25 mm d ) was found in northwestern Hunan.
DPE-RELATED CIRCULATION PATTERNS
Horizontal and vertical circulations
The occurrences of DPEs in the MLRYR are intimately related with the East Asian summer monsoon circulation anomalies. Circulations in the lower troposphere ( Fig. 2a) clearly show an anomalous cyclone over the eastern part of China along with an anomalous anticyclone over the South China Sea (SCS) and tropical part of the NWP. The anomalous cyclone over the MLRYR region is responsible for the DPEs because it is a very important, large-scale, background circulation system. Usually, for a particular DPE event, a mesoscale process such as a strong convection along a cold front in the cyclone may be very active. Existence of the strong anomalous cyclone over the MLRYR is favorable for the strong convections in the cyclone area. The anticyclone over the SCS and NWP is a key system that reinforces the cyclone north of it to occupy the MLRYR region owing to Rossby wave propagations (Nitta 1987) . The divergent air flows that emanate from the Bay of Bengal, SCS, NWP and even regions east of the islands of Japan converge into the cyclone over the MLRYR.
In boreal summer, the western Pacific subtropical high (WPSH) plays a prominent role in determining the place where the Maiyu rain band will remain stationary (cf. Wang et al. 2009 , Zhou et al. 2009 , Zhong et al. 2010 . When the WPSH positions itself more southward and westward of its climatological location, the rain band in the northern flank of the WPSH will be more southward than normal, facilitating severe floods in the southern part of the country ). This scenario can also be seen in Fig. 2b for the DPE events. The composite wind stream functions and the divergent wind components at 500 hPa (Fig. 2b) show the WPSH is a lot farther westward of its summer climatological position (not shown). An anomalous anticyclonic circulation covers the vast region to the south of southern China, causing the rain belt on the north side of the WPSH to be in the MLRYR, resulting in DPEs occuring there.
A strong anomalous anticyclonic circulation at 200 hPa, centered in the southwestern portion of China, is observed in Fig. 2c . This reinforces the Tibetan Plateau high in the southeastern part of China and facilitates the upward motions of air around that region. In mid to higher latitudes north of this anticyclone, an intense cyclonic circulation, which is zonally elongated, is present. The divergent flows ema nate from the MLRYR area northward to the cyclonic circulation over northeastern China and southward to the cyclonic circulation over the SCS− NWP region. The divergence at 200 hPa over the MLRYR reinforces the low-level cyclone, thereby intensifying the convergence of these flows for the intense precipitation occurrence.
The composite vertical circulations for 93 DPEs show that there are strong updrafts around 30°N with 2 circulation centers on both sides of this latitude (Fig. 2d) . The strongest upward motion is found around 400 to 500 hPa in the middle troposphere in which the vertical velocity is greater than 8 Pa s −1 . The anomalous circulation patterns for DPEs are baroclinic and are displayed in Fig. 2 , which shows a significant cyclonic circulation in the MLRYR along with an anticyclonic circulation in the SCS−NWP region in the middle and lower tropospheres, a zonally elongated cyclonic circulation north of the MLRYR and an anticyclonic circulation south of the MLRYR in the upper troposphere. The meridional circulations are well defined along 120°E with an ascending branch around 30°N. Interestingly, occurrences of DPE events seem to be still closely re lated to circulation anomalies at local and tropical latitudes in the middle and lower tropo sphere. These aforementioned anomalous circulation features re semble the Type I circulation pattern in general.
Water vapor transports
The summer rainfall departures in the MLRYR region are closely linked to anomalous activities of both the south Asian and the east Asian summer monsoons for the 2 principal water vapor sources (Murakami 1959 , Ding 1992 . The water vapor in the MLRYR region is transported from the Bay of Bengal, which is associated with the south Asian summer monsoon activity, and also from SCS in relation to the east Asian summer monsoon variations. Strong centers of vapor converge in Jiangsu, Shanghai, Anhui and Jiangxi provinces as well areas out to sea (Fig. 3) , suggesting the direct role of water vapor sources in DPE events. The stream functions, derived from the vertically integrated water vapor fluxes, show that the water vapor can indeed be transported horizontally from the Bay of Bengal eastward into the southern part of China. However, for the DPEs, the relatively stronger divergent flows (displayed with arrow vectors in Fig. 3 ), other than the stream functions, are not only from the region north of the Bay of Bengal and SCS but also from the region north of the convergence zone over the MLRYR. Besides these 2 vapor sources, however, a third vapor source for the DPE events is shown in Fig. 3 ; the vapor is transported strongly from a location north of the convergence zone in the MLRYR, which plays a very important part in the DPE events. Climate scientists in China seldom pay attention to the water vapor sources over the Asian continent when they discuss the flood events in the MLRYR region. However, this vapor source could be an important factor in the investigation of DPE events. 
EXTERNAL FORCING RELATED TO DPE EVENTS
Heating
To understand the thermal forcings in DPE events, the atmospheric apparent heat source, Q 1 , and apparent vapor sink, Q 2 , are examined. Referring to Luo & Yanai (1984) , these 2 sources of heating are ob tained via the formulae:
( 1) and (2) where the terms on the right-hand sides of the above 2 formulae are of local changes, horizontal advections and vertical transfers. The vertical integration from the surface of the earth up to 300 hPa is conducted for the above expressions, with the integrals denoted within '< >'. Then: (3) and (4) From these equations we obtain (5) In Eqs. (1) through (5), T is temperature, V is horizontal wind velocity, p is pressure. q is specific humidity, k is the ratio of the specific gas constant to the specific heat for a constant pressure, c p is the specific heat for a constant pressure, L is latent heat, P r is the precipitation, Q s is the sensible heat flux at the earth surface, E is the evaporation of cloud droplets in the air column, C is the condensation rate of water vapor in the air column, E s is the surface latent heat flux, <Q R > is the vertically integrated radiative heating (cooling), p s is the surface pressure and p T (= 300 hPa) the top level pressure for integration.
The distribution of departures of both <Q 1 > and <Q 2 > averaged over the 93 DPE events from those of the mean summer climatic conditions (Fig. 4a,b) resembles the pattern of stream functions of the column-integrated vapor flux anomalies, showing the large-valued zones in the MLRYR and western Pacific basin (Figs. 3 & 4) . Ding (1992) noted that although the surface sensible heat and evaporation fluxes are small when strong rainfall occurs, the apparent vigorous vapor sinks lead to strong precipitation, which, in turn, causes vast amounts of heat released through condensation into the atmosphere where diabatic heating forcings occur. This diabatic heating can increase the amount of rainfall by intensifying the divergence of the atmosphere in the middle and upper troposphere. Both <Q 1 > and <Q 2 > are of positive anomalies in the MLRYR and the Yellow Sea in relation to the latent heat release from the abundant rainfall (Fig. 4a,b) . On the other hand, negative anomalies of <Q 1 > and <Q 2 > are found in the SCS and 'warm pool' area of the western Pacific Ocean, which is probably associated with the anomalous radiative cooling and evaporation in the WSPH domain (L. J. .
The difference between anomalous <Q 1 > and anomalous <Q 2 > represents the anomalous diabatic heating induced by radiation and surface sensible heat flux as seen in Eq. (5). If the difference is small enough, the circulation changes will be driven by only the latent heat release in the dynamic processes. However, if the difference is positive or negative, it means that the transports of radiative heating and surface sensitive/latent heat into the atmosphere are enhanced or reduced, respectively. The difference between the anomalies of <Q 1 > and <Q 2 > is positive in the northern MLRYR (Fig. 4c) , suggesting that the energy released into the atmosphere by radiative forcing and surface sensible/latent heat is increased. This positive difference over the region north of the MLRYR is probably due to the smaller cloudiness on the north side of the rain band (Fig. 4d) , which is favorable for allowing shortwave radiation to penetrate into the lower troposphere, which will induce more surface sensible heat transport up into the atmosphere and hence, heat the atmosphere, which will lead to the anomalous convergence in the MLRYR region. The negative difference between anomalies of <Q 1 > and those of <Q 2 > is found in the southeasten MLRYR, the Yellow Sea, and the NWP. Over oceans, this is due to the weakened sea surface thermal flux into the air and the amplified radiative cooling that is present for the weakened convective activities (Fig. 4d) . Anomalous cooling in the tropics forces the atmosphere to diverge in this region, inducing an anomalous anticyclonic circulation in the lower troposphere northwest of the cooling center (Gill 1980 , Ambrizzi & Hoskins 1997 , from which the divergent airflow converges into the MLRYR, which is favorable for the DPE events.
SST anomalies
Sea surface temperature anomalies are the important factor in variations of summer climate conditions in the MLRYR region. In the boreal summer when an El Niño episode has passed its mature stage, the MLRYR rainfall tends to be higher than normal (cf. Guan & Li 2008 ). The differences between SSTs aver- . The SSTs are normally higher in the tropical western Pacific and equatorial Indian oceans, which is known as the 'warm pool'. The anomalously higher SST in the warm pool in the boreal summer is usually in association with higher SSTs of the eastern equatorial Pacific Ocean in the previous winter owing to both the atmospheric bridge and oceanic dynamic processes (cf. Alexander et al. 2002 , Zhou et al. 2009 ). When SSTs are higher than normal in the warm pool and the equatorial Indian Ocean, the western Pacific subtropical high (WPSH) tends to intensify and locate more southwestward compared with its normal position, which facilitates more rainfall events to happen over the MLRYR (cf. Guan & Li 2008) .
THE SECOND TYPE OF DPE-RELATED CIRCULATION PATTERNS
The DPE-related circulation patterns are obtained by a composite analysis of 93 DPE events. However, we still questioned whether each of the 93 events has a circulation pattern similar to the mean composites of the 93 DPEs. To answer this question, we checked the spatial correlations between the geopotential heights of each of the 93 events with those of the mean composites. Thus, a region from 10 to 50°N and from 100 to 140°E, which covers the MLRYR, is fixed for the spatial correlation study. The 93 spatial correlations of geopotential height anomalies at 500 hPa in the rectangular area, as plotted in Fig. 2 for each DPE event with those averaged over 93 DPE events, are shown in Fig. 6 . Among the 93 DPEs, most are highly correlated with the mean composites and have positive correlation coefficients, indicating that the 93 event-mean circulation patterns are the most important, which is the same as shown in Figs. 2 & 3 .
Surprisingly however, 16 of the 93 events are correlated negatively with the mean composites for the 93 events. These negative coefficients in Fig. 6 indicate that the circulations over the MLRYR for these DPE days are very different from those for other DPE days.
Circulation features related to the negative correlation events
The composite analysis of the physical quantities for the 16 negative correlation events (Fig. 6, Table 2 ) is performed against 77 positive correlation events. For the 77 positive-correlation DPEs, the composite mean circulations (not shown) look very similar to those displayed in Figs. 2 to 5. However, the composite mean circulations for the 16 samples (see Figs. 8 to 10) differ greatly from those for the 93 DPE events (Figs. 2 to 5 ).
Precipitation distributions for the negative spatial correlation DPE events
The spatial distribution of rainfall as well as its anomalies averaged over the 16 DPE events is displayed in Fig. 7 and indicates a similar rainfall pattern in comparison with the composites of 93 DPE (Fig. 1b) . Large values (Fig. 7) are found in the zones (Fig. 7a) , which is not seen in the mean rainfall for the 93 DPEs.
Circulations and vapor transports of the negative correlation DPEs
The composite circulation pattern for the 16 negative-correlation DPEs (Fig. 8) differs greatly from that for the 93 DPEs. The composite circulations of the former elongate into meridional instead of into zonal patterns (Figs. 2 & 8) . At lower levels in the troposphere (Fig. 8a ) the MLRYR is under the control of an anomalous cyclone, with a strong anomalous anticyclone to the northeast and a tropical anticyclone over the SCS. Evidently, the anomalous cyclone over the MLRYR looks deep enough, tilting a little westward from the lower to upper troposphere (Fig. 8a−c) .
Uc cel lini & Johnson (1979) investigated the coupling of upper and lower tropospheric jet streaks, indicating the importance of this interaction between lower and upper troposphere in the development of organized severe convective storm systems. The deep circulation system displayed in Fig. 8 suggests that there is some interaction between the upper and lower troposphere, which is possibly induced by the strong vertical exchanges of horizontal momentum. To clarify this, further investigations with numerical experiments and data analyses are needed for a particular case or for all 16 cases.
The anomalous vertical circulations are also well defined (Fig. 8d ) compared with those in Fig. 2d , but the positions of the vertical cells and the maximum of vertical velocity shift northward by approximately 5°. The water vapor is transported from the SCS and the tropical western Pacific Ocean, as evident from the stream function field in Fig. 8e . However, the fact remains that the water vapor converges into the MLRYR from not only the SCS and the tropical western Pacific, but also from the extratropical region east of the MLRYR, which is greatly different from the scenario of composites for the 93 DPE events.
The circulations favorable for the 16 DPEs are significant above the 95% level of confidence in the MLRYR area and in mid to high latitudes other than in the tropics except the eastern Indian Ocean (Fig. 7) , which is very different from those for the 93 DPEs (Fig. 2) . This suggests that the disturbances in mid to high latitudes are more important in these 16 daily precipitation extremes than in the other DPEs.
There are 2 cases in Table 2 in which typhoons passed through the MLRYR region. If these 2 typhoon cases are removed, the composites for 14 out of the 16 negative-correlation DPE events look very similar to those of the composites for the 16 negative-correlation DPEs (not shown), suggesting that the influences of ty phoons on the aforementioned results can be ignored.
Diabatic heating and SST anomalies for negative correlation events
Anomalous diabatic heating
For the 16 events of the negativecorrelation DPEs, the vertically integrated apparent heat sources and va- por sinks presented in Fig. 9 show the maximum positive-value centers in the eastern MLRYR. Their size is considerably smaller than that of the diabatic heating composites for the 93 DPEs and is associated with latent heat release due to precipitation. A relatively strong negative departure center east of the Philippines for the differences between anomalies of <Q 1 > and of <Q 2 > in Fig. 9c , indicative of anomalous cooling, is smaller compared with that in Fig. 4 , which is in association with the SCS anticyclonic circulation. This anticyclonic circulation is favorable for the divergence of water vapor in the lower troposphere into the MLRYR and induces DPEs to occur there.
SST anomalies
The composite SSTA for the 16 DPEs show an opposite pattern in comparison with that for the 93 DPE events. In Fig. 10 , the positive, large, SSTAs are found in the extratropics of both the north Pacific and Atlantic oceans in the boreal summer. However, significant SSTAs are only found in the western Indian Ocean although a La Niña-like pattern exists in the tropics. These results suggest that there are 2 types of SSTA patterns that possibly influence the 2 types of anomalous circulation patterns under which the DPEs may occur. However, how the SSTAs affect the DPE via circulation changes is still not clearly understood. This needs to be clarified by numerical simulations.
SUMMARY
The composite analysis of anomalous circulations and thermal forcings was performed for the daily precipitation extreme events in the middle and lower reaches of the Yangtze River of China during the boreal summer over the past 30 yr. The results are summarized as follows.
The threshold value of regionally averaged daily rainfall in summers from 1979 to 2008 was 19 mm d −1 in terms of the definition of daily precipitation extremes. There have been 93 DPE events in the past 30 yr in the MLRYR. These DPE events occurred with different frequencies from one decade to another. In the 1990s, more DPE events occurred in the MLRYR region than in any other decade. Most of the 93 events shared similar circulation features in the MLRYR region in the middle troposphere. However, there were 16 cases whose circulation features differed greatly from those of the rest of 93 events. Hence, 2 types of anomalous circulation patterns along with the water vapor transports and thermal forcings that facilitate the DPEs have been found. These 2 patterns of circulation anomalies along with distributions of other physical quantities differed greatly from each other.
A Type I circulation pattern is characterized by an anomalous cyclone over the MLRYR and an anomalous anticyclone in the SCS and tropical NWP in the lower and middle troposphere. In the upper troposphere, an anomalous anticyclone is located in the region south of the MLRYR, and an anomalous cyclonic circulation is present in the region north of the MLRYR. All these anomalous circulations elongate in a zonal direction. The vertical meridional circulations are well defined around 120°E with up ward motion over the MLRYR. The water vapor converges into the MLRYR from the Bay of Bengal, SCS, NWP and areas northwest of the MLRYR. Such anomalous circulation conditions are favorable for the intensified convections and, hence, induce the DPE events to occur. Besides, it seems that occurrences of the DPEs are more significantly related to circulation anomalies in mid to lower latitudes than in higher latitudes.
In association with a Type I circulation pattern, the apparent heat sources, vapor sinks and the SSTAs are responsible for inducing the circulation changes. The strong heating, which is mainly induced by latent heat release, is found in the MLRYR region while cooling occurs in the tropical northwestern Pacific. This thermal-forcing contrast is favorable for intensifying the anomalous vertical meridional circulations in eastern Asia. The strong net apparent heating is ob served in regions south of the MLRYR and the tropical NWP and forces the atmosphere to produce an anomalous anticyclone in the SCS and tropical NWP, which facilitates the divergent airflow to emanate from these regions into the MLRYR area. The SSTA features in the IndoPacific sector in association with the Type I circulation pattern look similar to the features of El Niño in its maturing and decaying phases. This SSTA pattern in summertime is well known to be favorable for the flood occurrences in the MLRYR in China.
A Type II circulation pattern for the 16 DPE events is characterized by a very deep anomalous cyclone that tilts westward from the lower to the upper troposphere, and an anomalous anticyclonic circulation at low to mid levels over the SCS and regions northeast of the MLRYR. The anomalous circulations tend to elongate in a more meridional way or be round in shape. The airflow along with water vapor converges into the MLRYR from not only the SCS and tropical NWP but also the ocean area east of China coastlines.
For the Type II circulation pattern, vertically integrated apparent heat sources and vapor sinks show that the maximum positive value also centers in the eastern MLRYR. Over the waters to the east of the Philippines there is a distinct anomalous cooling center that favors air divergence at lower levels of the tropo sphere. It is surprising that, for the 16 DPE events, the large positive SST anomalies are observed in extratropical oceans in the Northern Hemisphere, which is opposite to the scenarios of SSTAs related to the Type I circulation pattern.
It is worth noting that SSTAs are persistent, thereby providing DPEs a large-scale background. In the background of both SSTA patterns in association with Type I and Type II circulation patterns, daily precipitation extremes may occur.
The results mentioned above have demonstrated 2 types of scenarios in association with the circulation anomalies and thermal-forcing patterns for the regional DPE events in the MLRYR. These scenarios are helpful in understanding why and how the regional DPEs probably occur during summertime. The anomalous cooling in the SCS and the tropical NWP, the water vapor source over land and oceans and the cyclonic/anticyclonic circulation systems are crucial in inducing DPE events. However, why and how the 2 types of anomalous circulation patterns are formed remains unclear.
The persistent SSTAs in tropical Indo-Pacific oceans along with those in the mid-latitude portion of the Pacific Ocean play an important role in the oc currences of DPE events. Only 16 cases out of 93 examined are in association with the colder equatorial− warmer extra tropical SSTA pattern (Fig. 10) , implying that DPEs in the MLRYR may occur more frequently in the presence of the warmer tropical− colder extratropical SST anomalies (Fig. 5) . Although a considerable amount of literature in climate re search has reported the related results on the influences of ENSO on the flood and drought events in the MLRYR (cf. Guan & Li 2008) , the mechanisms underlying how the aforementioned SSTA patterns affect the rainfall extremes in the MLRYR are still unclear and need to be investigated in the future. 
